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CH3COO-
Biogas: CH4 + CO2
+ H2 + CO2
(1) Ragsdale W, 2006.
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1. Aim: Degrade fatty acids to one-carbon intermediates- CO2 and CH4
2. Mechanism: Bio-catalysis (metallo-enzymes dependent); Transfer of
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Challenges
4
Defra Project  2010. 
Volatile fatty acids (VFA) accumulation leads to decoupling of methanogenesis
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6
Bapteste et al., 2005
Co
Se; 
Nickel (Ni), Cobalt (Co), Selenium (Se 
and Molybdenum  (Mo) are the most 
important trace elements (TMs) of the 
metallo-enzymes. 
Ni
The metals play catalytic
roles providing charged
surfaces for the binding and
transfer of functional groups.
Loss of VFA degradation potential (functional group
transfer) and low methane production in anaerobic
digesters are related to insufficiency of trace elements in
the digestion matrix.
Hypothesis
I. Are there sufficient trace elements in AD substrates?
II. Is supplementation necessary?
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Research Method: Question-I
8
Determination of trace element concentration in substrates
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Ni, Co, Se Mo 
Supplementation matrix
Treatment












0.09 0.03 0.98 0.04
2 0.09 1.85 0.00 1.20
3 0.09 3.70 0.00 0.60
4 0.09 3.70 0.98 1.20
5 0.96 3.70 0.00 1.20
6 1.92 0.03 0.00 0.04
7 1.92 0.03 0.98 1.20
8 1.92 3.70 0.98 0.04
ControlLow 0,09 0,03 0,00 0,04
9
≥100 Medium Conc.
0.09 1.85 0.49 0.04
10 0.96 0.03 0.49 1.20
11 0.96 1.85 0.98 0.60
12 1.92 3.70 0.49 0.60
ControlMedium 0,09 0,03 0,00 0,04
13
≥200 High Conc.
0.00 0.03 0.00 0.60
14 0.00 0.03 0.98 1.20
15 0.00 3.70 0.00 1.20
16 0.00 3.70 0.98 0.04
17 0.96 1.85 0.49 0.60
18 0.96 3.70 0.00 0.04
19 1.92 0.03 0.98 0.04
20 1.92 1.85 0.00 1.20
21 1.92 3.70 0.98 1.20
ControlHigh 0,09 0,03 0,00 0,04
Research Method: Question-II and III
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JMP 10.0: SAS Institute , NC.
Total volatile  fatty
acid mixture
= acetic-, butyric and
propionic acid in





Ni: 0.09 – 0.92
Co: 0.03 – 3.70
Se: 0 – 0.98
Mo: 0.04 – 1.20 
Set up of test system and measured parameters
Inoculum + basic nutrient media + VFA mixture + trace metals = treatment reactor
Research Method: Question- II, III
pH: 6.8-7.4; Temperature : 37°C, 55°C; Volatile Suspended Solids (VSS) g/l inoculum: 7.40 ± 0.32
Outline Anaerobic 
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Estimation method for process efficiency: 1Derringer, G., and Suich, R., (1980)
Trace Element Content (mg/Kg DM)
AD Substrate Ni Mo Co Se
Cowdung 0.07±0.01 0.28±0.01 0.03±0.01 <0.25
Food Waste 0.12±0.08 0.10±0.10 0.06±0.08 <0.25
Mixed Fruit 0.69±0.10 <0.25 <0.25 <0.25













Results-I: Trace element content of selected substrates
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Substrate trace elements concentrations are relatively low and may 
not sustain AD processes: Co, Se are most limiting.
11
Results-II: Supplementation effects on VFA ≥ 200mmol/L 
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PhD Progress Report: Ezebuiro Nwagbo Christpeace 
Supervisor: PD. Dr.-Ing. Habil. Ina Körner 
Treatment Ni Co Se Mo 
13  0.09 0.03 0.00 0.60 
14  0.09 0.03 0.98 1.20 
15  0.09 3.70 0.00 1.20 
16  0.09 3.70 0.98 0.04 
17  0.96 1.85 0.49 0.60 
18  0.96 3.70 0.00 0.04 
19  1.92 0.03 0.98 0.04 
20  1.92 1.85 0.00 1.20 
21  1.92 3.70 0.98 1.20 
30: Control   0.09 0.03 0.00 0.04 
CH4/gVSS.d
Retention time
Positive effects require microbial adaption to Ni, 










130                     1.93                   3.66                   0.02                 1.37
VFA (mmol/l)          Ni (mg/l)            Co (mg/l)           Se (mg/l)         Mo (mg/l)       Process Efficiency
Retention 
time      
1.42
CH4








Results-III: Ni, Co, Se and Mo supplementation
- Effects on Process efficiency (37°C)
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Ni, Co, Se, Mo supplementations have substantial  positive effects on 
mesophilic systems 13
Method: Derringer, G.,
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250                    0.83                       2.23                   0.52                 0.01
VFA (mmol/l)          Ni (mg/l)            Co (mg/l)           Se (mg/l)         Mo (mg/l)       
Retention 
time      
1.31
CH4








Results-III: Ni, Co, Se and Mo supplementation
- Factors of Influence: VFA conc. (37°C)-
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Ni, Co, Se, Mo supplementations have substantial  positive effects on 
mesophilic systems 14
Method: Derringer, G.,
and Suich, R., (1980),
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Results-III: Ni, Co, Se and Mo supplementation
- Factors of Influence: Temperature (≥200mmol/l)
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37°C
55°C
Co is antagonistic at thermophilic AD, but  higher Se is necessary; 










250                    0.93                      0.01                   0.98                 0.36
VFA (mmol/l)        Ni (mg/l)             Co (mg/l)           Se (mg/l)         Mo (mg/l)
CH4

















250                    0.83                       2.23                   0.52                 0.01
VFA (mmol/l)          Ni (mg/l)            Co (mg/l)           Se (mg/l)         Mo (mg/l)       
Retention 
time      
1.31
CH4








Results- IV: Ni, Co, Se and Mo supplementation
- Mechanism of influence (37°C)-
Kinetics of TMs supplementation for VFAs degradation





Gain in maximum degradation rate (%)
Gain in inverse affinity (%)
Maximum degradation rate (mmol/l.d)
Treatment Groups
Mesophilic optimization mechanism is by increase 
in catalytic rate and substrate affinity
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Summary:
AD substrates contain insuffient amount of trace elements Ni,
Co, Se, Mo with Co and Se being most limiting.
Ni, Co, Se or Mo requirements depend on VFA concentration or
loading rate and process temperature; supplementation based
on VFAs concentration is most effective.
Mesophilic systems are more succeptible to TM deficiency
than thermophilic systems; and trace elements increase the
cataytic potential and substrate affinity in mesophilic system but
only substrate affinity in thermophilic.
Outline Anaerobic 
Digestion










 Continuous system: TMs speciation and influence of Ni, Co, Se,
Mo on changes in microbial population
Thank you for your attention!
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